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Abstract

The optimal synthesis conditions for the practically important chabazite zeolite have been predicted based on the
hydrothermal modification of the natural mineral of Nakhchivan of the Kyukyuchayfield.The starting component
and hydrothermal reaction products have been identifiedby X-ray diffraction, thermogravimetric analysis and
scanning electron microscope.The practically important chabazite zeolite has been identified by X-ray diffraction.
The optimal conditions for its synthesis with a 100% degree of crystallization have been predicted. It has been
established that the area of existence of chabazite is wide and the optimal conditions for its hydrothermal synthesis
have been a temperature of 230°C, a concentration of a thermal solution of 15-20% Ca(0OH)2, of a mineralizer CaClz
of 10-15 % and a processing time of 100 hours. The obtained zeolite of chabazite was found to be stable up to
950°Cand dehydrated chabazite was completely rehydrated within 72 hours, which once again proves its zeolitic
character. The data allow to predetermine the synthesis conditions of a practically important chabazite-type
zeolite.
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CUHTE3 I JOC/IIAKEHHA HEOJIITA TUITY XABA3UTY HA OCHOBI ITPUPOAHOTI'O
MIHEPAJIBHOT'O HAXYIBAHA

['yuenb A. MamenoBa,Todir A. Anies
HaxiuigaHcwvkuii 8i00in Azep6atidxicaHcbkoi HayioHavHoi akademii Hayk, [Hcmumym npupodHux pecypcis,
npocnekm leiidapa Aniesa 76, HaxiuieaH, 7000, Azep6atioxicaH

AHoTalif

CnporHo3oBaHi ONITMMaJ/IbHI YMOBHY CHHTe3y NPAaKTUYHO 3HAYYIIOT0 LEeOoJITy Ma6a3uTy Ha OCHOBI rizporepmiuHoi
moaudikanii mpupogHoro MiHepaay HaxiviBan Kiokwouaii pogoBuma. BuxigHi KOMNOHEHTM Ta NPOAYKTH
riAporepMasibHOi peaxnii 6y/JM BH3HauYeHI 3a AONOMOrol peHTTeHiBCbKOI Audpakuii, TepMorpaBiMeTpUIHHMX
MeTOAIB aHaIi3y Ta MeTOAYy CKaHyH4YO0i eJIeKTPOHHOI Mikpockomii. [IpakTUYHO BaXJIMBUH LEeOJiT ma6a3uT 6yB
BH3HaYeHUH peHTreHorpadiyHo. BusHadeHi onTuManbHi yMoBH #Horo cuHTe3dy 3i 100%-HMM CTyneHeM
KpucTaiaizauii. BcraHoB/ieHa mMpoKa 06/1acTh iCHYBaHHA IWIa6asuTy, a ONTUMaJbHUMHM YyMOBaMH HOro
rizporepMiyHOro cuHrte3dy craju: Temmeparypa 230 °C, KOHLIeHTpaLis TepMaJibHOro po3yuHy 15-20 % Ca(OH)z,
miHepaJisaTopa CaClz 10-15% Ta yac 06po6ku 100 roauH. BcTaHOBJIEHO, IIl0 OTPUMAHUI Le0JIIT a6a3suT CTIHKUA
A0 950 °C, a 3HeBOJHEeHHU! 11a6a3UT NOBHICTIO peripaTy€eTbCcs NPOTAroM 72 roAuH, 1o 1ie pa3 NiATBepAXKy€ ioro
neoJIiTHYHUM XapakTep. OTpuMaHi JaHi 403BOJIAIOTh BUSHAYMTH YMOBHU CHHTE3y NPAKTUYHO BaKJIMBOI0 LEOJiTy
TUNY IWAGa3UTYy.

Kawwuosi caoea: HaxidiBcbkuH MiHepasi; 1[eoJniT; ma6a3uT; NPUPOJHUHM MiHepaJs; Ti[poTepMaJbHUA CHUHTE3; ONTHUMAaJbHI
YMOBH.
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CUHTE3 U UCCIEJOBAHHUE HEOJIMTA THUIIA IIABA3SUTA HA OCHOBE
INTPUPOJAHOT'O MUHEPAJIA HAXYbIBAHA

['toHenb A. MamesioBa, Todur A. Anues
Haxuwigarckoe OmadeneHue HayuoHanvHoli Akademuu Hayk Asepb6atidxcana, HFHcmumym npupodHbix
pecypcos, np. l'elidapa Anuega 76, HaxuvigaH, 7000, Azep6atidxcaH

AHHoTauga

CHporHo3upoBaHbl ONTHUMAaJIbHbIE YCJAOBUA CUHTE3a NMPAaKTHYE€CKU 3HAYMMOr0 I[€0JIMTA TUNA Ia6a3uTa Ha OCHOBe
rUApoTepMajbHOi MoguduKanuu npupogHoro MuHepasa HaxuybiBaHa KioKio4aiicKoro MecTOpOXAEHM.
UcxoaHBIH  KOMIOHEHT M  MNPOAYKThl  THAPOTEPMAJBHOW  peakuuu  ObUIM  MJEHTUQHUIUPOBAHBI
peHTreHorpaduyecKuM, TEpMOrpaBUMETPUYECKMM METOJaMU aHa/IM3a U METOJO0M CKaHMPYWIIed 3/1IeKTPOHHOU
MHUKpockonueii. lleosuT ma6a3ur GblI MCC/IeJ0BaH METOJO0M PEHTIreHOBCKON AudpaKIMy, U GbIIU YCTAaHOBJIEHBI
ONTMMAaJIbHbIE YCJI0BUSA €ro cuHTe3a co 100%-HoM cTeneHbl0 KPUCTA//IMYHOCTH. YCTAaHOBJIEHA IUPOKas 06J1acTh
CyLeCTBOBAaHUA IMa6a3uTa, a ONTHMaJbHBIMHM VCJOBUSAMHM €ro THAPOTEPMAJBHOrO CHHTE3a OKa3a/IMCh:
Temneparypa 230 °C, KoOHLeHTpanysa TepMaabHoro pacrsopa Ca(OH)z 15-20 %, muHepau3atopa CaClz 10-15 % u
BpeMsi 06pa6oTku 100 yacoB. BbL/IO yCTaHOBJIEHO, YTO MOJIYyYEeHHBIH LEOJIMT Ima6a3uTt crabuieH go 950 °C, a
JAeTuJpaTUPOBAHHBIH IIA6a3UT NOJHOCTBIO peruApaTUpyeTcs B Te4eHHe 72 4acoB, YTOo elle pa3 NoATBePKAAeT ero
LleOJIUTHBIA xapakTep. IloslyyeHHble JAaHHble TMO3BOJIAIOT 3apaHee IpejoNpeAe/]MTb YCJAOBUA CHHTe3a

NpaKTU4Y€CKH BAXKHOI'O LI€0JIMTA TUIIA ma6asuTa.

Kawuesvie caosa: MUHEepaJa HaxuybiBaHa;
ONNTUMAJIbHBbIE YCJIOBUA.

LIEOJIHUT;

abasuT;

NPUPOAHBIA MHUHepas; THUJPOTEPMaJIbHBIA CUHTE3;

Introduction

Research activity in the field of the synthesis
of zeolites based on natural minerals, as well as
the study of the Nakhchivan zeolite is a promising
and urgent task of our time. The fact is that
research activity on the basis of natural minerals
reduces the country's dependence on foreign raw
materials, contributes to the rational use of
natural resources of the Nakhchivan Autonomous
Republic (NAR) and its use in various areas of the
national economy.

It is known that zeolites, synthetic or natural,
have a wide range of application - starting with a
catalyst [1-7] and ending with an adsorbent [8-
17].

The need to study the hydrothermal
recrystallization of zeolite-containing rocks is
associated with the possibility of using them to
obtain zeolites of other structural types with
improved properties.

The development of the scientific background
of the synthesis and fields of application of
zeolites, as well as the implementation of
crystallization based on local mineral raw
materials is currently one of the important areas
of basic research.

The use of local mineral raw materials (low-
cost materials) in the synthesis of zeolites
becomes an area of great interest and plays an
active role in advancing technological advances
related to scientific research and production
technologies of zeolite materials in optimized
experimental conditions.

Numerous studies have been conducted on the
synthesis of zeolites based on zeolite-bearing
rocks of various countries.

In [18], the conversion of natural zeolite into
Na-A zeolite by the two-step method has been
carried out. Silicon dioxide used as a starting
component was obtained from zeolite tuff and
sodium aluminate from chemical reagents. The
process was carried out at 90-100°C in a time
interval of 0.5-4 hours, and as a result Na-A was
obtained with maximum crystallinity. Despite
the moderate synthesis conditions, it took a lot of
time and material costs to obtain the initial
components.

In the work by Tatlier and Atalay-Oral, [19]
zeolite A was obtained from natural clinoptilolite
under more severe conditions.

In [20], hydrothermal synthesis of ZSM-5
zeolite was carried out from natural zeolite of
Bayat-Klaten at 250°C, in the presence of
tetrapropylammonium hydroxide and 40 % silica
suspension in water. As can be seen, numerous
chemicals were used for hydrothermal synthesis.

Our proposed method can provide more cost-
efficient mass-scale production of synthetic
zeolites based on cheaper natural resources.

A series of zeolites was synthesized in
hydrothermal conditions,phase-wise both in its
pure formand in the form of associations, on the
basis of the natural zeolite of the Kyukyuchai
deposit of the Nakhchivan AR [21-23]. It has
been established that the use of local natural raw
materials from the Kyukyuchai deposit
contributes to the process under moderate
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conditions, purephase-crystalline
products.

In [24-26] chabazite was obtained on the
basis of organic structure-directing agents. But
synthesis based on them is expensive and toxic.

Considering the above, the purpose of this
research work is to study the hydrothermal
modification of the natural sample of Nakhchivan
with the production of zeolite such as chabazite
and the establishment of optimal conditions for
its synthesis using local natural raw materials
from the Kyukyuchai deposit of the Nakhchivan
AR. Usage of local natural resources reduces
dependency on the foreign raw stock and it leads
to the reasonable use of natural resources.
Furthermore, it can bring certain benefits to the
national economy.

Compared with the published data [27; 28] the
chabazite synthesized by us is characterized by
maximum crystallinity (100 %).

We have been the first to carryout a chemical
modification of the natural mineral material of
Nakhchivan, to synthesize of chabazite based on
it, and we have also determined the optimal
synthesis conditions.

obtaining

Results and discussions

Zeolitic tuffs of Nakhchivan have been used as
a source of samples, 78.5 % of which is the major
mineral - mordenite (1), 19.5% is quartz (2) and
2.00 % is anortithe (3).

Ca,Na,K, ;Al;;Siyg ,04 - 34H,0

(1)
Sio, (2)
Cay gsNay 1, Al ,Si, 06051 (3)

The chemical composition of the natural
zeolite of Nakhchivan is given in the Table 1.

Table 1
The percentage of oxides and elements in the
composition of the natural sample of zeolite

time interval of 50-100 hours, at the temperature
of 200-300°C. The concentrations of Ca(OH);
thermal solution and mineralizer CaCl, was
studied in the range of 5-30 %.

According to experimental data, the optimal
temperature for the synthesis of the chabazite is
230°C, concentration of Ca(OH).thermal solution
is 15-20 %, concentration of mineralizer CaCl,is
10-15 % and the crystallization process takes
100 hours. Under the presented optimal
conditions, a pure phase-stable chabazite has
been obtained.

As can be seen from Table 2, the change in
temperature and processing time has a
significant effect on the crystallinity degree of
synthesized chabazite.The crystallinity of the
samples was calculated from the relative peak
intensities. On standards of the American Society
for Testing and Materials, the percentage of
crystallinity is determined by the formula [29]:

Crystallinity (%) = Sample peak
intensity/Standart peak intensity 100%

Table 2

The degree of crystallinity of synthesized chabazite at
various temperatures and processing time

Degree of
crystallinity, %
200 70
Temperature, °C 230 100
250 80
300 40
320 -
50 40
Time of 60 50
processing, hour 70 60
90 80
100 100

Element Weight Atomic Amount Formula

(%) (%) of oxides

(%)

Na 0.42 0.37 0.56 Na20
Mg 0.38 0.32 0.63 MgO
Al 4.49 3.38 8.48 Al203
Si 39.90 29.08 85.93 SiO2
K 0.75 0.39 0.90 K20
Ca 1.14 0.58 1.59 Ca0
Fe 0.87 0.32 1.12 FeO
Ti 0.63 0.25 0.78 TiO2
0 51.42 65.32
Total 100.00

The hydrothermal synthesis experiments of
the chabazite-type zeolite were conducted in a

The study of the process began at a
temperature of 200 °C, at which the degree of
crystallinity is 70 %, i.e., the initial mass does not
completely crystallize into the reaction product.
In addition to chabazite, quartz and anorthite are
present in the reaction products. At 230 °C, the
entire initial mass recrystallizes into chabazite. A
further increase in temperature (250 and 300 °C)
leads to a decrease in the degree of crystallinity
of chabazite, and in addition to it, albite
crystallizes in the composition of the product.
And at 320 °C, the synthesis products are albite
and quartz.

Changes in the degree of crystallinity of
synthesized chabazite are also observed with a
change in processing time. The crystallization
process has been investigated in a time interval
of 50-100 hours. For 50 hours, the degree of
crystallinity of chabazite is 40 % and besides it,
anorthite and quartz are present in the reaction
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products. A further increase in the processing
time (60, 70, 90 hours) leads to an increase in the
degree of crystallinity of chabazite, but in
addition to the main product, anorthite and
quartz are present in the reaction products. For
100 hours of treatment, the degree of crystallinity
of chabazite reaches 100 %.

The diffraction patterns of natural mineral
raw materials of Nakhchivan and the products of
hydrothermal  crystallization at  various
temperatures are presented in Figure 1 and
Figures 2, and the tabulated data of X-ray
diffraction analysis of chabazite is given in Table
3.

1.5e+004
Meas data: 130116 =
Quartz, syn., 01-083-2466
Mordenite, 01-073-1450
1.0e+004| Anotithe, 01-076-0833 ——
5.02+003}
3
E 0.02+000p~ {ubdt") MM}LJb L'M-’L.vw'w..wﬁw
g 10 20 a0 50
g 10 Quartz, syn., 01-083-2466
50/
| : .
100
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100 76-0
] il
oy 2(1) 1H|,|’,3|A|H. Il'io Le & -
°20
Fig. 1. XRD patterns of Nakhchivan natural zeolite
Table 3
X-ray data of synthesized chabazite
Chabazite
dexp, A Irel hkl deaic, A
9.44 100 100 9.45
6.68 20 101 6.68
5.46 25 111 5.46
4.24 50 201 4.23
3.89 40 211 3.86
3.36 10 202 3.34
3.14 10 300 3.15
3.05 10 301 3.00
2.94 70 311 2.85
2.62 15 320 2.62
2.52 20 312 2.52
2.32 10 322 2.29
2.23 10 303 2.23
2.17 10 402 2.11
2.10 15 412 2.06
2.07 10 323 2.01
1.96 10 422 1.93
1.88 10 500 1.89
1.87 10 501 1.86
When comparing X-ray diffraction 14, 19.5, 22, 25.5, 26, 27, 28, etc. The relative

experimental data with literature data [30], it
was established that the sample under study is a
zeolite - mordenite and the synthesized product
of chabazite (Table 3). The interference maxima
characteristic of the mordenite phase correspond
to the values of the Bragg angle 26 = 6.5, 9.8, 13.5,

intensity and interplanar distances obtained
experimentally correspond to the literature data
(within the experimental error), which indicates
that mordenite is the main phase of the sample.
The interplanar distances (d) and the intensities
of the diffraction lines (I) equal to d=3.34 A (100),
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2.45 A (30),2.28 A (201) and 2.12 A (20) indicate
that that the sample contains silicon dioxide, i.e.

anortithe (4.30 A, 3.60 A, 3.40 &, 3.19 A) is also
present in the sample composition in small

a-quartz. According to the diffractogram quantitie.
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Fig. 2. XRD patterns of hydrothermal crystallization products at 200° C (a), 230 °C (b), 250 and 300 °C (c), 320 °C (d)

The obtained hydrothermal modification of
natural mineral raw of Nakhchivan chabazite
crystallizes in the cubic crystal system with the
unit cell parameter a = 9.459 A, which agrees well
with the reference data [31].

950
r10
TG DTA
350
120 r20
24 %
'l Am, %
230
T T T T T*uc
200 400 600 200 1000

Fig. 3. DTA and TG curves of chabazite with 100%
degree of crystallinity

The area of dehydration, water content and
thermal stability of chabazite are determined by

the method of thermogravimetricanalysis. The
DTA and TG curves are presented in Fig. 3.

DTA curves are characterized by
endothermic and one exothermic effects.

The first endothermic effect refers to the
dehydration of the sample. The hydration shell of
cations with a maximum of 230 °C is subjected to
dehydration that occurs with a loss of the TG
curve of 24 %.

The dehydration and rehydration properties
of the obtained chabazite were studied. Since we
received chabazite thermal stability, the process
of dehydration has been reversible, characteristic
for zeolite. The sample dehydrated at 120-350 °C
is completely rehydrated within 72 hours, i.e.
dehydration is reversible.

Ifa change in the structure of the zeolite is
observed in the process of dehydration, then the
DTA curve becomes more complex, that is,
multiple excesses appear. Like the wine from
Figure 3, the DTA curve is smooth, that is, there is
no structural change during dehydration.

one

The second endothermic effect, with a
maximum of 950°C, observed at high
temperature, according to X-ray analysis,
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corresponds to the destruction of the crystal
structure of chabazite with the formation of

The diffractogram of
presented in Fig. 4.

hydrosodalite.
hydrosodalite is

Mazas. data:140316 Thata 2-ThetaData 1
Sodalite Hydrate, 01-074-3676 ——
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Fig. 4. XRD patterns of hydrosodalite

Hydrosodalite crystallizes in the cubic crystal
system with the unit cell parameter a = 8.85 A,
which agrees well with the reference data [31].

Fig. 5 shows the micrographs of the
synthesized products. As can be seen from figure
5 the individual phase of chabazite crystallizes in
an indefinite form of nanoparticles.

30 NL D6.2

TM3000_0232 2014/02/18

Fig. 5. Micrograph of chabazitewith 100% degree of
crystallinity

20 um

Materials and methods
Instrumentation. The initial component and
the reaction products were examined by X-ray,

thermogravimetric analysis and scanning
electron microscope.
XRD  analysis. The X-ray diffraction

measurements were performed using the X-ray
analyzer 2D PHASER "Bruker" (Cu K. radiation,
26 = 5-50°), using of NaCl, SiO; (quartz) and pure
zeolites in internal and external standards.
Samples have been placed on a front mounted
plastic sample holder. The measuring conditions
have been as follows: step size of 0.15 s/step,

nickel filter as incident beam, slit aperture of 0.3°
and scan range from 0.5° to 10° 26.

Thermogravimetric analysis. The thermos-
gravimetric analysis of the samples has been
carried out on a “Q-Derivatograph 1500-D” of the
Hungarian company MOM in the dynamic mode
in the temperature range 20-1000 °C. Shooting
mode: heating rate of 20°/min; paper speed of
2.5 mm/min; the sensitivity of DTA, DTG and TG
is 500 mv; ceramic crucibles; the standard is
Al;0s.

Scanning electron microscopic analysis. The
scanning electron microscopic analysis of the
starting materials and reaction products was
carried out on a Hitachi 3000 TM high resolution
microscope (magnification 30000 times). The low
vacuum mode allows to examine samples without
preliminary spraying. The sample is placed on a
double-sided adhesive tape glued to a metal disk
and vacuum to a pressure of 104 Pa, then the
sample is viewed under a microscope and a
micrograph is obtained.

Natural mineral. The natural sample has been
obtained from the zeolite horizon in the north-
west of the Kyukyuchai river where zeolite
content varies in the range of 75-80 %. The
sample has thoroughly been washed with
distilled water and dried at the temperature of
100 °C for three days.

Chemicals. Calcium hydroxide and calcium
chloride (flake, 99 % purity, Alfa Aesar GmbH &
Co KG, Germany) have been used as received
without further purification.

Working methods. The hydrothermal synthesis
has been carried out in Morey type autoclaves
madeof 45MNFT stainless steel with a volume of
18 cm3, and with the filling coefficient of F = 0.8.
The hydrothermal crystallization experiments
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have been carried out on generating a
temperature gradient AT = 0 and without stirring
of the reaction mass. Solid-liquid ratio is 1:10.
For each experiment, 2 g of natural zeolite has
been used.After crystallization is completed, the
final material is separated from the initial
solution. It is washed with distilled water from
excess alkali, and dried at 80 °C.

Conclusions

Thus, the hydrothermal modification of
natural mineral raw materials of Nakhchivan was
obtained initially and a practically important
zeolite of chabazite type was synthesized. A
hydrothermal modification was carried out in
wide ranges of temperature, concentration of
thermal solution and treatment time. It was
found that the optimal conditions for the
synthesis of phase-pure chabazite were
temperature of 230 °C, concentration of thermal
solution - 15-20 % Ca(OH):, concentration of
mineralizer - 10-15 % CaCl; and treatment time
- 100 hours. It was established that the resulting
zeolite of chabazite was dehydrated in the
temperature range of 120-350 °C, stayed stable
up to 950°C, and a further increase in
temperature leads to the destruction of its
structure and crystallization of hydrosodalite. It
was shown that dehydrated chabazite is
completely rehydrated within 72 hours, which
once again proves its zeolite character. Based on
the natural zeolite of Nakhchivan, a series of
synthetic practically important zeolites can be
synthesized (directed synthesis).
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